Introduction
Martinique pharmacopeia is estimated to comprise 900 products of which 92% are from plant sources, according to Nossin (Benito-Espinal et al. 2015) . Among them, some have not yet been studied, but are currently in use. Our search for species of local household remedies led us to a plant called bwa kaka in Martinique. According to the literature, bwa kaka is one of the most sought-after plants in the traditional pharmacopeia in Martinique (Vilayleck 2002 ), a French Caribbean island. However, we had difficulty identifying the species as it was not common either on the market, where current medicinal plants can be found, or in its natural habitat. Furthermore, the literature was confusing as to the identity of bwa kaka. Indeed, the term appears for several species in the Flora of Duss as "bois caca" (1897), a word-for-word translation of bwa kaka, or "bois puant". More recently, a survey performed by Longuefosse and Nossin (Joseph 2006) . Ninety-six percent (96%) of people in Martinique live in urban areas (Clanché and Rascol 2011) . Despite high urbanization and a very accessible institutional health system, people in Martinique are very attached to the local pharmacopeia and still regularly make use of medicinal plants (Concy 2015) . A survey of 100 people in Martinique, performed between 1990 and 1994, identified 251 medicinal species (Longuefosse and Nossin 1996) .
Ethnobotanical Study in Mar nique of the Species Behind the Local Plant Name Bwa Kaka

Reference Studies
The Creole pharmacopeia is a convergence of African, European, and Asian cultures formed at the time of plantation society, on an Amerindian substrate, originally practiced by slaves and only orally transmitted. Its knowledge has crossed the centuries in large part thanks to the written testimonies of European ecclesiastical chroniclers and botanists since the seventeenth century (Duss 1897 ; Du Tertre 1667; Labat 1724) and naturalist-explorers (Descourtilz 1830; Mazé 1892) . It is mostly modern authors who have collected and listed popular medical practices, such as the medical practitioner Dr. Cabre (1939) . More recently, agronomists, botanists, ethnobotanists, ethnologists, and anthropologists have highlighted the therapeutic interest of Caribbean flora and made an initial inventory of medicinal plants possible (Adjanohoun 1985; Benoît 1988; Bougerol 1983; Etifier-Chalono 1985; Grenand 2004; Peeters 1979; Stéhlé and Stehlé 1957; Vilayleck 2002) . Encyclopedias drawn up by doctors and traditional practitioners have made this knowledge available to the general public (Beuze and Césaire 1973; Chenu 1986; Ouensanga 1983 Ouensanga , 1993 Zamore and Ary 1984) . We were able to consult these works and collect ethnobotanical data on bwa kaka at the Université des Antilles library. To obtain the names and botanical families, we used the Illustrated Flora of the Phanerograms of Guadeloupe and Martinique (Fournet 1940 ) and Rollet's Atlas of Trees of the Lesser Antilles (2010) for resources on local flora, and online databases for international resources (Broome et al. 2007; Missouri Botanical Garden 2016) . The Smithsonian Institution's Catalogue of Seed Plants of the West Indies (Rodríguez and Strong 2012) was also an important tool for assessing the presence of species in the Caribbean. The language of traditional medicine is Creole. Currently, inter-regional mobility plays a key role in the cultural development of these territories (Dubesset 2012) . Ethnobotanical documents from several French Creole-speaking areas were consulted. A total of 28 publications were consulted, published from the seventeenth century through modern times.
Ethnobotanical Survey
The survey was performed between May and September 2014. The questionnaire used with interviewees was divided into three sections. The first section was for recording plant species that interviewees designated as bwa kaka, along with any other useful information for identifying the species. The second section asked interviewees about the traditional uses they knew, whether medicinal or otherwise, using both closed questions (in particular, frequency of use, method of preparation and administration, and the source of their knowledge) and semi-open questions (in particular, for therapeutic uses). Finally, the last section recorded the sociodemographic data on interviewees (age, sex, profession, place of residence).
Some terms used by the interviewees to describe the pains, illnesses, symptoms, treatments, and therapeutic uses, which have been reported here, are specific to Creole culture. In order to provide an overview of medicinal categories as seen in another recent study carried out in the Caribbean (TorresAlvilez et al. 2015), we classified these answers among ten categories, which correspond to the World Health Organization (WHO) International Classification of Disease (WHO 2010): 1) Diseases of the nervous system; 2) Diseases of the musculoskeletal system and connective tissue; 3) Injury; 4) Endocrine, nutritional, and metabolic diseases; 5) Certain infectious and parasitic diseases; 6) Diseases of the digestive system; 7) Diseases of the genitourinary system; 8) Diseases of the skin and subcutaneous tissue; 9) Diseases of the circulatory system; 10) Diseases of the respiratory system.
Interviewees were chosen using the "snowball sampling" method previously used and described for ethnobotanical studies (Cabanting and Perez 2016; Espinosa et al. 2012; Lans 2006) . This procedure consists of asking each interviewee to recommend new participants. The sample thus extends from source to source. We first used the questionnaire with prominent traditional practitioners and people who grow medicinal plants for sale in Martinique (identified via the internet, radio, local television, or recommendation by other people). Then we focused on people who regularly consume medicinal plants or occasionally use plants for treatment, who we met in markets or at events on the subjects of "plants" and "tradition". In this way, we interviewed over 80 people, men and women, from 20 to over 70 years old. We first asked if they had heard of the plant called bwa kaka. If the answer was positive, the interview continued. To obtain a sample covering the entire territory and population of Martinique, we Research Communica ons conducted the survey across the eight zones specified in the TRAMIL method (Longuefosse and Nossin 1996) . These zones were determined by criteria such as microclimate, vegetation, population, level of urbanization, type of economy and persistence of tradition (Figure 1 ). 10.2% of people interviewed were from Zone 1, 14.3% from Zone 2, 14.3% from Zone 3, 16.3% from Zone 4, 22.4% from Zone 5, 2.0% from Zone 6, 10.2 % from Zone 7, and 10.2 % from Zone 8.
For the first section of the questionnaire, plant samples were collected (where possible and with the interviewee's permission) and identified by A. Clodius, a botanist at the Martinique Regional Nature Park, and by comparison to the flora described by Fournet (1940) ; the specimens were then taken to be dried and preserved in the laboratory collection and at the herbarium of the French National Institute for Agricultural Research (INRA), Guadeloupe (INRA 2018) . Each sample collected during the survey is linked with a form describing the plant and a photograph. However, some interviews were performed off-site, in which case it was not possible to observe or gather a sample of the living plant in its environment. In these instances, the strategy used to identify the species involved recording descriptions that were as detailed as possible (size, color, form, and structure of the flower, leaves, and entire plant, and any similarities to another species) and using images of selected species as had been practiced in earlier studies (Ruysschaert et al. 2009 ). These images were photo sheets, supplemented by a drawing and the scientific name for eight plants that the literature specified as being known as bwa kaka in the Caribbean.
Analysis of Survey Data
The completed questionnaires were first entered into Sphinx Plus 2 V5 (Le Sphinx Développement), then into a secondary database created in Microsoft Excel 2007, containing nominal data such as the botanical species, uses, and interviewee profiles (place of residence, occupation). The data collected was coded and analyzed using the same software. Citation frequencies were calculated using the equation: F=Ni/Np x 100, where Ni is the number of informants using this species for a specific illness and Np is the total number of informants using the plants medicinally (Boulogne et al. 2011) .
The use value index was calculated as follows: UV=U/N, where U is the number of uses mentioned Research Communica ons by all informants for a given species, and N the total number of informants. This is an index used to assess the significance of a plant taxon, based on its relative use within a population (Phillips and Gentry 1993) . To analyze the results obtained for identification of species and the uses attributed to them, we postulated that: 1) there is a link between interviewee zone of residence and plant species designated, 2) the uses cited for bwa kaka differ depending on the species designated. This result is an indicator of similarity of uses and their possible convergence for the different species. Furthermore, two other null hypotheses were tested, related to interviewee profiles: 3) the use cited depends on the sex of the interviewee, and 4) the number of uses cited correlates with the age of the survey participant. To assess the first three hypotheses, contingency tables were constructed and Fisher's Exact Test applied (a test for uniformity of variances). Finally, for the fourth hypothesis, a Kendall's tau correlation test was applied. The tests were performed using the R software environment, version 3.2.1.
Results and Discussion
Profile of Interviewees
Of the 82 people interviewed, 48 (58.5%) had heard of the plant called bwa kaka and replied to the full questionnaire, and 12 (14.6%) had used it personally. The sample of respondents who had heard of the plant (48 people) was made up of 56.3% men and 43.8% women distributed across various age groups (Figure 2 ). The sampling led us to interview seven traditional practitioners and eight sellers of medicinal plants and derived products. The 33 other people interviewed were consumers of traditional medicine.
We also observed that the interviewees had most often acquired knowledge of the uses from their parents (intergenerational transmission: 27 of the 48 interviewees that knew bwa kaka, or 56.3%). Other sources were their circle of friends (6 of the 48 interviewees that knew bwa kaka, or 12.5%), and research on the internet, in books, or in the paramedical or medical environment (5 of the 48 interviewees that knew bwa kaka, or 10.4%). Thus, the majority of the interviewees acquired their knowledge from their parents. This reflects the authenticity and fragile nature of most of the data collected concerning bwa kaka. Indeed, the elders historically transmit creole pharmacopeia orally.
Identification of Species from Analysis of Bibliographical and Survey Data
In the literature, ten scientific plant names were found to be associated with the vernacular term bwa kaka. Nine species are indigenous to the Caribbean islands and two are endemic in the Lesser Antilles. One species is indigenous to India: Sterculia foetida L. There is a species of the same genus, which is endemic to the Lesser Antilles: Sterculia caribaeae L. (Table 1) . Solanum triste is the species with the largest number of citations in the literature. Petiveria alliacea is only cited once.
Bwa kaka was identified by 45 interviewees during the survey. Ten interviewees provided samples (voucher numbers from UI GUAD 14215 to 14225, see Notes). Thirty-five others provided a description of the different plant organs, fruits, and flowers which was used to identify the species or identified the plant from the photo sheets provided. Three more interviewees were unable to identify the species, but knew about the traditional uses of the plant called bwa kaka. Three interviewees cited several species. In total, six different species were identified as bwa kaka: S. triste (34 times, or 75.6%), P. alliacea (13 times, or 28.9%) and S. foetida (2 times, or 4.4%) were the most cited (Figure 3) . Ocotea cernua, Siparuna glabrescens, and Piper dilatatum were cited once (not shown on the figure) . Of the 15 traditional medical practitioners interviewed, 10 (66.7%) cited S. triste, 4 (26.7%) cited P. alliacea, and 1 (6.7%) cited Piper dilatatum. It should therefore be noted that identification of the species corresponding to bwa kaka by the population followed the same trend as that of traditional practitioners.
Among the ten species of bwa kaka reported in the local literature (Table 1) , five were confirmed by the survey: S. triste, P. alliacea, S. foetida, Ocotea cernua, and Siparuna glabrescens. S. triste, which is cited the most frequently in the literature, is also the most cited during the survey. However, P. alliacea, which is cited the most by interviewees after S. triste, is referenced once in the literature. Capparis flexuosa, which is the most cited in the literature after S. triste, was not cited during the field study. The difference between the literature results and the actual current knowledge of medicinal plants is an evidence of a shift in this knowledge. Another interesting result is that P. alliacea, the second most cited by interviewees during the survey, appears to have been reported just once in the literature. P. alliacea is therefore thought to be a recent inclusion. 
Research Communica ons
Bwa kaka is an example of what Rollet (2010) calls an "englobant" (encompassing) vernacular name attributed to several botanical species. This can be a source of confusion when the person who gives therapeutic advice is not the same person who supplies the herbal remedy, and also in cases where people practice self-medication. In Martinique, it is customary to distinguish between the traditional practitioner who diagnoses and prescribes, and the herbalist, who supplies the treatment as well as knowing and harvesting the plants and their methods of preparation. The herbalists, who are historically usually women (Nossin 2006) , are also called lapotijè (Creole for "apothecary") and they are found in the main markets. Those encountered in the survey cultivated their herbs in their own gardens (in Creole: jaden bo kay) or they gathered plants in the relatively wild grounds around their dwellings (in Creole: zèb razié). Alongside this type of market sale, there are an increasing number of commercial nurseries that produce medicinal plants.
From the survey, two species, S. triste and P. alliacea, were frequently cited (34 and 13 times, respectively). The first species is a shrub that can reach 7 m in height and that grows in relatively humid areas. During the survey, the areas cited for gathering S. triste were along forest edges, not far from human activities, and only two interviewees cultivated it. The second species is an herbaceous plant that is sometimes suffrutescent. It appears to be easy to distinguish on the basis of these morphological features. However, a clarification of the lexicogenic matrices that define the vernacular denomination of plant species offers elements of explanation. Indeed, in Caribbean Creole culture, a plant is usually named on the basis of features such as its morphological, organoleptic, functional, circumstantial, or ecological characteristics, from which names are generated (Villayleck 1993) . In the case of bwa kaka, the base term bwa means "wood" (from the French bois) and it is usually reserved for trees. S. triste is a shrub and P. alliacea an herbaceous plant. Consequently, S. triste Research Communica ons would be a better candidate for this name than P. alliacea according to these criteria. The second part of the name, kaka, means "feces" and is open to several interpretations, of which the most common, based on replies obtained during the survey, evokes the nauseating odor of the plant. On this criterion, both species could be a good match. Indeed, the phytochemical study of P. alliacea has shown that it contains sulfur compounds that are structurally similar to those that give garlic its characteristic odor (Luz et al. 2016) . Some species of the Solanum genus are said to have an unpleasant odor (Gentry 1993) , though the odor has not been linked to specific volatile compounds in the genus (Visser et al. 1979) . From these observations, it is entirely plausible that people attribute the same name to the two species. However, given that one is favored over the other, the hypothesis can be posited that S. triste was the first to be called bwa kaka, and that P. alliacea was later called by the same name because of its quality as a "bad smelling plant".
We wanted to determine if the names used for a particular species were linked to the location. Indeed, Vilayleck (1993) indicated that vernacular names given to species in Martinique are associated with the location where they are given. This is not confirmed by our results since our test shows that there is no significant difference between the zones where S. triste and P. alliacea were named (p-value=0.3226). In other words, the species designated as bwa kaka are therefore not significantly correlated with the geographical zones of the survey. This result could point out a trend towards an increase in uniformity in knowledge and practices associated with the mobility of people on the island. Indeed, Martinique is a small territory which has modernized rapidly, as shown by the development of roads and means of transport since the 1960s (Guignard 1985) .
Uses of Bwa Kaka
Of the 48 people who answered the questionnaire (including the three people that could not identify the species), 66.7% (32 people) were able to cite uses for bwa kaka and 25% (12) of them used it personally. Among the 37 suggestions of uses, three categories were cited: therapeutic (75.7% of responses), home hygiene (10.8%), and magic-religious purposes (13.5%) such as chasing away dorlis (a supernatural malicious character in popular Martinique belief), keeping away people with bad intentions, ben démaré purification rites, success in exams, or general protection.
The medicinal uses were catalogued and linked to the WHO International Classification of Diseases (Table 2) . They include vernacular terms such as gueule de bois (hangover) and more academic terms such as kidney stones, diabetes, cholesterol, and aerophagia, alongside words and expressions from a form of local Endocrine, nutri onal, and metabolic diseases Diabetes, Cholesterol Research Communica ons nosology (blesse, ben démaré, lenflamasyon). The latter term is the Creole version of the word "inflammation". In French as in English, inflammation is a type of immune system response. In Creole, it refers to a series of symptoms associated with an excess of "heat" and is treated with refreshing herbal teas which re-establish lost equilibrium (Longuefosse and Nossin 1996) . For the remaining analysis of the results, we focused on the two species most cited in our survey, S. triste and P. alliacea. The illnesses that received the most citations for S. triste were diseases of the digestive system, followed by those of the genitourinary system, the respiratory system, and injuries ( Figure 4) . P. alliacea tends to be most frequently used in the treatment of metabolic and endocrine diseases ( Figure 5 ). However, these variations between the uses attributed to each of the two species are not statistically significant, according to . With regard to bwa kaka preparation methods, over 99% of users use the leaves of both species. The main bwa kaka preparation methods were aqueous maceration (6 of the 14 answers, or 42.9%), decoction (2 of the 14 answers, or 14.3%), fumigation (1 of the 14 answers, or 7.1%), and no preparation or processing (5 of the 14 answers, or 35.7%). The methods of administration stated were oral (8 of the 14 answers, or 57.14%), as a poultice (5 of the 14 answers, or 35.7%), or in a bath (1 of the 14 answers, or 7.1%). This led us to consider the risk of convergence of uses for these two species. We have little information on the phytochemical composition and toxicity of S. triste, but we know that this species belongs to a family that contains glycoalkaloids that are potentially toxic for humans (Ginzberg et al. 2008; Maxwell et al. 1995 Maxwell et al. , 1996 . P. alliacea is a medicinal species indigenous to tropical America that is widely distributed in tropical areas of America, Caribbean, and Africa, where it is used for its medicinal properties. Its extracts are associated with antitumor activities (Hernández et al. 2014) and the essential oils have demonstrated antimicrobial properties (Kerdudo et al. 2015) . Mutagenic and potentially carcinogenic effects of the extracts have been demonstrated but more tests are needed to conclude on the toxicity of folk medicine based on P. alliacea (Luz et al. 2016) .
As some authors have noted, traditional medicine, which was for a long time essential to local people in the Caribbean, has been marginalized to make way for modern medicine (Mitchell and Ahmad 2006; Vaudreuil 2012) . Some studies suggest that elders have better knowledge on medicinal plants (Hodge and Taylor 1957; Longuefosse and Nossin 1996) . However, our experience in the field suggests otherwise for this area. Indeed, the total number of Research Communica ons uses described by participants in the age ranges 50-59, 60-69, and 70-79 years old were under two, while we had more than two uses from interviewees aged under 39. The Kendall's tau test did not indicate a significant correlation coefficient between the number of uses cited and the age of the interviewee (τ=0. 09, p-value=0.4905 ). The number of uses cited by men and women were not significantly different (pvalue=0.5887). The literature indicated that, from the original inhabitants of Martinique, the Amerindians, to the modern inhabitants, women were the heirs and protectors of traditional knowledge on medicinal plants (Longuefosse 2006; Quinlan and Quinlan 2007) . Our results cannot confirm this theory. Regarding the category of uses cited by the interviewee, the results of Fisher's Exact Test differ significantly (p-value=0.0464). Indeed, men stated that bwa kaka was mainly used for the treatment of diseases of the digestive system while for women the main use was magic-religious practice. Thus, from these results, we concluded that the category of uses is linked to the sex of the interviewee. Our results reflect the fact that a change involving custodians of ethnobotanical knowledge may be underway in Martinique. To this effect, a few studies have already been carried out in the Caribbean (Torres-Avilez et al. 2015; Quinlan and Quinlan 2007) .
For S. triste, the calculated use value was UV=0.60 and for P. alliacea UV=0.67. This reflects the greater cultural significance of the second species. This confirms earlier conclusions that S. triste has a declining place in local popular practices and lore. While bwa kaka seems to have been quite sought after in the past (Vilayleck 2002) , its use seems to have now regressed. Indeed, the plant was only available on request at the four largest markets in Martinique (one in Trinité, and three in Fort de France). There are several possible explanations. It may be the victim of its reputation as a plant used for "sorcery", since one of the main uses recorded during our survey on the vernacular name bwa kaka was its magic-religious use. According to local belief, it is not good to disclose the use of such plants as they risk losing their effectiveness (Nossin 2006 ). An additional explanation is that modern society in Martinique, like in other places in the world (Lee et al. 2001) , has less place for these practices and consequently the species associated with these practices are neglected and they become rarer. This has been the case in the past for the Caribbean species Maranta ruizana (Körn), according to the ethnobotanist J. Barrau (1995) .
Conclusion
The study illustrates the potential side effects of the erosion of traditional knowledge, leading to interspecific use convergence and potential problems for public health, as has been underlined in other studies (Olivier et al. 2015; Yamani et al. 2015) . The survey sheds light on S. triste, a species indigenous to the Lesser Antilles which has been the subject of few published scientific studies. S. triste is one of those plants that for various reasons has been marginalized over the course of history and is currently underexploited. According to our survey, it is designated in Martinique under the same vernacular name as P. alliacea, the second most frequently cited species for bwa kaka, and four other species. P. alliacea is available and used in many countries, but its local traditional uses in Martinique are perhaps undergoing major transformations since it was not listed as bwa kaka in the literature before Vilayleck (2002) . We hypothesize that it is a recent inclusion in the pharmacopeia. Furthermore, the results show that the uses are not Research Communica ons significantly distinct for the two most frequently cited species. It would therefore be of interest to check the safety of S. triste for therapeutic ends, particularly when ingested as an infusion. Our laboratory will later study its phytochemistry.
Ethnobotanical studies can allow the development of biodiversity conservation strategies (Albuquerque et al. 2009 ) by identifying the more fragile species, threatened with the disappearance of wild areas by human activity. We think that S. triste is a good candidate for these strategies. Indeed, the species is very rare in its natural habitat (Delnatte 2015) . We also noted during our survey that few people cultivated S. triste. They generally picked it in secondary mesophilic forest areas, not far from dwellings and human activities. Consequently, this species is more sensitive than P. alliacea to the degradation of its environment. More investigations on the field are needed to evaluate its ecology in Martinique.
A look at the sociocultural background of the interviewees suggests elements of the dynamics of acquisition, transmission, and loss of traditional knowledge. In our investigations, we also found that general theories of traditional knowledge of pharmacopeia in the literature do not always correspond to observations in the field. Indeed, the age and gender of the custodians of knowledge in this study were not what was previously reported in the literature on Martinique. To confirm this trend, a broader study is needed with a larger population and a larger number of species.
Notes
Voucher specimens were deposited in the Herbarium of INRA, Centre Antilles-Guyane, Guadeloupe. The datasets used and analyzed during the current study are available from the corresponding author.
